I. INTRODUCTION
To provide input to evaluate the reaction of spent fuel for unsaturated conditions that may be expected in the Yucca Mountain candidate repository, we have ongoing tests at 90°C in which a simulated groundwater, EJ-13, is dripped at 0.75 mL at 3.5 day intervals on spent fuel samples. This a er examines the release behavior of 238U, 13%! 90Sr, 99Tc, and 1291 to determine if any of them can represent matrix dissolution of spent fuel. The dissolution results reported from flow-through tests'*2 are used to provide a measure of the potential magnitude of matrix dissolution.
DESCRIPTION
Two pressurized-water-reactor fuels are used: ATM-103, fission gas release of 0.25%, and ATM-106, fission gas release of 11.2%. The experimental configuration and the composition of the leachant, EJ-13, is described elsewhere3. Cation content in aliquots of the leachate and the acid solutions used to strip the test vessel was determined using inductively coupled plasma-mass spectrometry. Details are given elsewhere4. The 137Cs content was obtained from gamma spectrometry data.
III. RESULTS AND DISCUSSION
The location of 137Cs, 90Sr, 1291, and 99Tc in a spent fuel pellet as reported by Gray et all and Wuertz and Wllinge? is summarized in Table 1 . Because the fuels used in these tests are the same as Gray's, we will use his 99Tc values for comparison purposes. Wuertz's values for 1291 may not be representative for our fuels since ATM-103 contains large amounts of Xe in particles alono the grain boundaries, which suggests that lfSI is located there, and ATM-106 has a large fission gas release (1 1.2%j, which suggests a large 1291 release to the gap.
The fractional releases and corres onding daily release rates for 238U. 137Cs, 90Sr, g91, and 99Tc are listed in Table 2 . The I3'U fraction is smaller than that of any of the other fractions. This finding can be correlated with the formation of large amounts of alteration products on the spent fuel, including a billietite-like phase containing barium, cesium and a very small amount of strontium. The ideal billietite formula is Ba(U02),0,(OH),*8H,0. The incorporation of cesium and strontium-in alteration products reduces their measured release. For both ATM fuels, the 90Sr release fractions were comparable to the 137Cs fractions, ranging between 10" and 10-7/d in the ATM-106 test and falling from an initial value of 2 x lo4 to 4 x 10-6/d in the ATM-103 test.
We did not observe an initial large 137Cs release, which has often been attributed to gap release.
Rather, 137Cs release from the ATM-103 fuel was relatively constant during the first 1.6 years of reaction while for the ATM-106 fuel, a delay was noted with significant release after four months of reaction. Since the 137Cs cumulative released fraction in our tests is significantly smaller than the 1291 and the *Tc fractions, we suggest that cesium is being incorporated into alteration products, and the release of either 1 2 9~ or T c may better reflect the dissolution rate of the spent fuel matrix.
Although the 1291 release fractions for both fuels were orders of magnitude lar er than those for 238U and 137Cs, a decrease in 126 release with Y time was noted for both fuels after nine months of reaction. Since the fission gas release for ATM-106 was 11.2%, a large Iz9I release fraction. 0.1 12, associated with the gap region of the fuel might be expected in the early test intervals. The remaining portion, 0.19, of its cumulative released fraction should be associated with release from grain boundaries and grains as they are opened by oxidation of the fuel. Since the fission gas release for ATM-103 was 0.25%, its gap release fraction would be 0.0025. The remaining portion of its cumulative fraction, 0.10, should also be associated with grainboundary and grain release. Gray' noted that the matrix release rate for ATM-103 fuel was O.O4%/d for fuel grains and 0.002%/d for fuel fragments. If fuel grains are the reaction site in our tests and a reaction rate of O.O2%/d (the average of the two rates) was maintained during the first 1.6 years of reaction. then we would expect a cumulative release fraction from the matrix of 0.13. This value is comparable to the non-gap cumulative fractions observed for ATM-106 and ATM-103,0.19 and 0.10, respectively.
At the 1.6-year test interval, the 99Tc averaged fractional release rate, 1 x lo4 /d, for the ATM-106 fuel was orders of magnitude larger than the 137Cs release rate, 2 x 10-6/d. For the ATM-103 fuel, the 1.6-year interval release rate was similar, 6 x lO-'/d for 99Tc and 2 x 10'6/d for 137Cs. In flow-throu h tests' at . The same order of magnitude as 238U's calculatedrate for matrix dissolution at 90°C for an activation energy of 30 kJ/mo12 was 9 x IO-'/d, a rate which was comparable to our 9?Fc release may indeed reflect matrix dissolution under the conditions of our tests. If the 99Tc release behavior is maintained in future test intervals, then 9?f'c release may be used as an indication of the magnitude of matrix dissolution.
25"C, the matrix dissolution rate for 9 F r c was the Tc rates at 90°C. These results suggest that 99 
IV. CONCLUSIONS
The release fractions for 137Cs, 90Sr, 1291, and 99Tc were examined to determine if any of them reflected the rate of matrix dissolution under the unsaturated conditions that may be expected in the Yucca ,Mountain repository. Both '37Cs and 90Sr appear to be incorporated into alteration products, which reduced the amount of material released. The lz91 fractions, which were very large in the first two test intervals, decreased during later time intends. The cause of the major part of the decrease is exhaustion of the gap 1291 inventory. Large 99Tc fractions, which were comparable to those reported by Gray',* for matrix dissolution, were found for ATM-103 throughout the 1.6 years of testing. At the 1.6-years interval a comparable %Tc release fraction was noted for the ATM-106 fuel. Thus, it appears that 99Tc release may provide evidence for the magnitude of the spent fuel reaction under the unsaturated conditions used in the present tests. the gap and grain-boundary releases were reported as a function of the fission gas release. For bNR = Not reported. 'The fission gas release characteristics of the LWR fuels was not reported.
Gap ATM-103, they were 0.003 and 0.005; for ATM-106, they were 0.03 and 0.01. 
